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Seismic damage analysis of loess slopes based on vibration velocity
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Abstract; To address the significant discrepancy between damage degree and peak values when employing
traditional acceleration indices for evaluating seismic damage in loess slopes under large earthquakes at far-field and
small earthquakes at near-field scenarios, this study developed a novel evaluation system based on particle vibration
velocity theory. Through shaking model tests and numerical simulations, the coupling mechanisms between
acceleration and velocity responses during seismic damage evolution in loess slopes were systematically investigated ,
revealing intrinsic correlations between dynamic parameters and damage states. The results indicate the acceleration
amplification effect of loess slopes is obvious. When the peak acceleration is taken as the evaluation index, the
calculated intensity of loess slope top in the near field is greater than the actual intensity. A linear correlation was
established between peak particle velocity and soil tensile strength. It is suggested that the peak velocity should be
used as the evaluation index of failure intensity for loess slope with typical site amplification effect. An innovative
five-level seismic intensity evaluation system was proposed in accordance with GB/T 17742—2020 specifications
defining velocity threshold intervals and characteristic failure patterns for each damage level, thereby establishing a
quaternion correspondence criterion integrating damage degree, intensity, peak velocity, and seismic damage
characteristics. This research provides theoretical foundations and quantitative criteria for seismic damage

assessment of loess slopes.
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Table 1  Loading conditions for the shaking table test
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Fig. 1 Distribution of accelerometers in the Fig.2  Velocity time history curves of measuring point A6 at the

shaking table model test slope top under working condition 5 (PGA<2.5 m/s”)
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Fig.3 Typical damage diagrams of the slope in different failure stages
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Fig.4 Curves of the velocity of measuring points on the Fig.5 Curves of the acceleration of measuring points on the

slope surface changing with elevation

slope surface changing with elevation
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Fig.6 Curves of slope-surface velocity changing

with elevation in numerical calculation
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Table 3 PGA and PGV at the top of loess slope
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Table 4 Modified PGV considering slope amplification effect in GB/T 17742—2020
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Table 5 Seismic damage discrimination table for loess slopes based on vibration velocity
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TR A S IR FEE IR X 0.606~0.993
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